To determine the role of home blood pressure (BP) monitoring for a reproducible assessment of orthostatic hypertension (OHT) and the effectiveness of hypertension control by doxazosin. In this study, 605 medicated hypertensive outpatients were enrolled. Home BP in the sitting and standing positions was monitored in all patients in the morning and evening for 6 months. According to an open-label multicenter trial design, the patients were randomly allocated to either an intervention group that took doxazosin (1-4 mg) at bedtime or to a control group that did not receive any add-on medication. The patients were divided into deciles of orthostatic BP change as evaluated by home BP monitoring at baseline. Those in the top decile, in the lowest decile and in deciles two through eight were then assigned to the OHT group, the orthostatic hypotension group and the orthostatic normotension group, respectively.Orthostatic BP in the OHYPO group did not change, whereas that of the OHT group was markedly reduced by doxazosin (Po0.01). In the control group, classification into orthostatic BP categories using home BP monitoring was more reproducible (j coefficient: 0.42-0.50) than when using clinical BP (j coefficient: 0.13-0.24). In all groups, a reduction in the urinary albumin/creatinine ratio was significantly associated with a reduction in orthostatic BP doxazosin (Po0.001).The identification of OHT based on home BP monitoring was highly reproducible. The administration of doxazosin might control OHT and consequently prevent target organ damage.
INTRODUCTION
Shifting from a sitting or the supine position to an upright posture is accompanied by either a reduction, no change or an increase in blood pressure (BP). 1, 2 The last condition, referred to as orthostatic hypertension (OHT), has been reported to be associated with target organ damage such as silent cerebral infarction, cardiac hypertrophy and urinary albuminuria. [3] [4] [5] In most previous studies, post-ural BP changes have been evaluated by clinical BP or by BP readings taken during head up-tilt test, although the reproducibility of these BP measurements is still matter of controversy. 3, [5] [6] [7] [8] Home BP monitoring (HBPM) has been recently recommended as a convenient and reproducible method of BP measurement in hypertension management, with a better prognostic value than clinical BP measurements. [9] [10] [11] However, no data are available on the reproducibility of orthostatic BP changes when assessed by means of HBPM, which we previously showed to be more closely associated with increased albuminuria than when patients were assessed by clinical BP. 4 Hyperactivation of the sympathetic nervous system has been suggested as one of the mechanisms of OHT, in line with our previous finding that BP increase during head-up tilt in OHT subjects was blunted by alpha-adrenergic blockade. 5 However, alpha blockers are not commonly used in this context, because orthostatic hypotension (OHYPO) is known to be a frequent side effect of alpha-adrenergic blockade. Selective alpha-1 receptor blockade by doxazosin was reported to be less frequently associated with OHYPO than was administration of traditional alpha-adrenergic blockers. 12 To date, no report is available on the ability of doxazosin to reduce the orthostatic BP rise in subjects with OHT and to counteract its negative effect in terms of organ damage.
Our study was aimed at filling these gaps in our current knowledge by investigating the reproducibility of orthostatic BP changes detected by HBPM and the association between the effects of doxazosin on orthostatic BP changes and on urinary albumin excretion in OHT patients.
METHODS
Our study focused on home BP data obtained while assessing orthostatic BP changes in patients in the Japan Morning Surge (JMS) 1 Study. 13 The study was conducted from 1 August 2003 to the end of August 2005 by 20 doctors at 16 institutions in Japan. The Ethics Committee of the Internal Review Board at Jichi Medical University (Tochigi, Japan) approved the protocol. Written, informed consent was obtained from each subject enrolled in this study.
Study subjects and study design
We enrolled in our study 605 hypertensive subjects older than 18 years who had received stable antihypertensive treatment (with the exclusion of alpha-blockers or beta-blockers) for 3 months and whose morning BP levels measured by HBPM were X135/85 mm Hg. We did not recruit patients with arrhythmias, history of heart failure, OHYPO (a drop in BP of 20 mm Hg in systolic BP (SBP) or 10 mm Hg in diastolic BP from sitting to standing) with symptoms, dementia, malignancy or chronic inflammatory disease and those defined at high risk according to the current Japanese Hypertension Guidelines at the time. 14 The enrolled subjects were randomized to a control group that received no alteration of the previous treatment regimen and only reinforcement of lifestyle changes during follow-up, or to an intervention group that received doxazosin (1 mg) once daily at bedtime, in addition to the previous treatment regimen. The dose of doxazosin was increased to 2 mg per day and then to 4 mg per day at follow-up visits performed at monthly intervals until morning SBP was o135 mm Hg. If morning SBP was still X135 mm Hg after 4 mg per day of doxazosin, then a beta-blocker (atenolol, 25 mg per day) was added once daily at bedtime. Randomization was carried out at an independent research center through a computerized system. The follow-up study period was 6 months. Treatment with the other baseline antihypertensive medication remained unchanged throughout this study period. There was no significant difference in the frequency of major events between the two groups. The details regarding major events in this series have been reported previously. 15 
BP measurements
Methods for BP measurement of patients in the sitting and standing positions in the clinic and at home have been described previously. 4 Clinical BP was measured by a validated oscillometric device (HEM-705IT, Omron Healthcare, Kyoto, Japan), by considering the mean of two consecutive measurements in a patient in the sitting position and the mean of another two measurements with the patient in the standing position. Patients were instructed to place the cuff on the same arm for all measurements, and sitting BP was measured after more than 2 min of seated rest, twice per occasion, with a 15-s interval between the measurements. The subject then stood up for a 30-s interval after which standing BP was measured, again twice per occasion, with a 15-s interval between the measurements. The total standing period was approximately 2 min.
At home, morning BP and evening BP were measured using the same device (HEM-705IT) at that used in the clinic, for a period of 3 days, in accordance with the Japanese Society of Hypertension Guidelines. 16 The measurements obtained while the patient was in the standing position were performed in the same manner at home and in the clinic.
The HBPM values were obtained by averaging two measurements in the morning and two measurements in the evening for each of 3 HBPM days (12 readings total) with the patient in the sitting position, and the mean was calculated for the same number of readings taken while the patient was standing. We assessed the orthostatic BP change, measured by HBPM, as the mean of standing SBP (morning and evening, 12 readings total) minus the mean of sitting SBP (also morning and evening; 12 readings total). At baseline, we classified all patients as follows, that is, according to the extent of orthostatic BP change, and with distinct classifications based on clinic and home measurements: OHT (OHT): patients in the top decile of orthostatic BP change; OHYPO: patients in the lowest decile of orthostatic BP change; and orthostatic normotension (ONT): patients with intermediate orthostatic BP changes.
Blood and urine samples
Blood and urine samples were collected in the morning, with subjects fasting, at the beginning of the study and at the end of the 6-month followup period. Urinary albumin was measured using the immunoturbidimetric method (Mitsubishi Chemical Iatron, Tokyo, Japan), and expressed as the urinary albumin/creatinine ratio (UAR, mg/gCr). The UAR was calculated from a morning spot-urine sample. Both serum and urine creatinine were measured by the Jaffe reaction without deproteinization and then the results were quantified by a photometric method. All assays were performed at the Mitsubishi Biochemical Laboratory, and the intra-and inter-coefficients of variation were 1.52 and 2.48%, respectively, for the urinary albumin assay.
Statistical analysis
All primary analyses were performed on an intention-to-treat basis. Data are expressed as means (±s.d.) or percentages. As the distributions of UAR were highly skewed, these parameters were log-transformed before statistical analysis. One-way analysis of variance (ANOVA) was performed to detect differences among groups, and Tukey's honestly significant difference test was used for multiple pairwise comparisons of means among groups. The w 2 -test was used to evaluate differences in prevalence rates. The degree of concordance of the orthostatic BP categories defined on the basis of clinic or home BP measurements throughout follow-up was evaluated using the k coefficient. Significant differences between the control and intervention group were used to investigate the time course of BP values by repeated-measures ANOVA; then, post-hoc comparisons between the control and intervention groups were made using the Bonferroni comparison procedure. Multiple linear regression analysis was performed to estimate and test the independent effects of BP and of doxazosin administration on UAR adjusting for age, sex, body mass index, administration of doxazosin, the use of beta-blocker, sitting SBP at HBPM and UAR at baseline. In a two-sided test within each arm of the study, 50 patients in the OHT group were required to detect a mean difference in orthostatic BP change of 13 mm Hg (s.d., 15 mm Hg) between the doxazosin treatment and control groups (80% power and 5% significance). Differences with a P-value of o0.05 (two-tailed) were considered statistically significant throughout the study. The computer software package SPSS version 11.0J (SPSS, Chicago, IL, USA) was used for the analyses. Table 1 shows the baseline characteristics of all patients divided into groups according to the orthostatic BP changes determined by HBPM.
RESULTS
Changes during follow-up in sitting BP and orthostatic BP as determined by HBPM or clinical BP monitoring As shown in Figure 1 , as regards the HBPM data, repeated-measures ANOVA showed that there was a significant difference between the control and intervention groups from 0 to 6 months in both the OHYPO and ONT groups. In the OHYPO group, subjects receiving doxazosin displayed a significantly lower sitting SBP at 3 and 6 months of follow-up than subjects in the control group. Similarly, in the ONT group, sitting SBP was significantly lower at 2-6 months of follow-up in the intervention group than in the control group, but in the OHT group, there were no significant differences in sitting SBP between control and intervention groups during follow-up. As regards clinical BP measurement, the repeated-measures ANOVA revealed a significant difference between the control and intervention groups from 0 to 6 months in the ONT group, and in the post-hoc test, sitting SBP was significantly lower at 1-6 months of follow-up in the intervention group than in the control group; however, again in the OHT group, no significant difference in sitting SBP was noted during the follow-up between the control and intervention groups.
As regards orthostatic SBP changes ( Figure 2 ) observed by HBPM of the OHYPO and ONT groups, repeated-measures ANOVA showed no significant difference between the control and intervention groups Alpha blockade and home BP in orthostatic hypertension S Hoshide et al In addition, repeated-measures ANOVA showed a significant difference between control and intervention OHT groups during follow-up, namely, there was a significantly less-pronounced SBP increase in patients treated with doxazosin than in those in the control group at 2-6 months of follow-up, according to the post-hoc test. In the ONT group, there was a significant difference between the control and intervention groups' clinical BP measurements, that is, subjects receiving doxazosin displayed a significantly lower standing SBP at 2 and 4 months of follow-up than did subjects in the control group. However, in the OHYPO group, there was no significant difference between control and intervention groups in terms of the orthostatic SBP reduction throughout the follow-up period. Finally, in the OHT group categorized using clinical BP monitoring, the orthostatic SBP increase was not significantly different between the doxazosin-treated and control groups. When we used the category of OHT evaluated by HBPM at baseline and at 6 months, the prevalence of OHT changed from 9.7% (29/300) at baseline to 11.0% (33/300) at 6 months in the control group. In the intervention group, that prevalence changed from 10.2% (31/305) at baseline to 5.2% (16/305) at 6 months (P¼0.02).
Reproducibility of subjects' classification in each orthostatic BP category among the controls The reproducibility of subjects' classification in each orthostatic BP category, defined by HBPM and clinical BP throughout the follow-up period, is shown in Table 2 . The concordance in the definition of the three orthostatic BP categories using HBPM was consistently 40.40 (k coefficient) throughout the entire follow-up period, indicating good reproducibility, 17 while the concordance in the corresponding definitions obtained by clinical BP remained o0.40 throughout the follow-up period.
Association between changes in UAR and changes in both sitting and standing BP during follow-up The possible determinants of changes in UAR during follow-up were assessed through a multiple linear regression analysis model, including BP parameters obtained by HBPM (Table 3 ). The reduction in UAR during follow-up was significantly and independently associated with the administration of doxazosin, baseline-sitting SBP at HBPM, reduction in sitting SBP at HBPM and reduction in orthostatic SBP increases at HBPM during follow-up (Table 3) . When clinical rather than home BP was included in a multiple regression analysis model, the reduction in UAR during follow-up was significantly and independently associated with the administration of doxazosin and with a reduction in sitting SBP measured in the clinic, while no significant association between reduction in UAR and reduction in orthostatic SBP increases at clinical visits was found (Table 3) . Finally, by including both HBPM and clinical BP parameters in a more complex multiple regression analysis model, the reduction in UAR was significantly and independently associated with the reduction in sitting SBP determined by HBPM (b (95% CI)¼0.01 (0.007-0.011), Po0.001) and with the reduction in orthostatic SBP increases (b¼0.04 (0.001-0.007), P¼0.009) determined by HBPM during the follow-up. Conversely, no association between reduction in UAR and reduction in sitting clinical SBP (b¼0.001 (from À0.001 to 0.002), P¼0.32) or reduction in orthostatic SBP increases at clinical visits (b¼0.001 (from À0.002 to 0.002), P¼0.66) was found. There was no difference in the prevalence of microalbuminuria between baseline and 6-month follow-up in the control group (37.0 vs. 36.7%, P¼0.50), while the difference was significant in the intervention group (40.7 vs. 28.4%, P¼0.001).
DISCUSSION
The initial novel result of note in the present study was that the reproducibility of the orthostatic SBP changes assessed by HBPM was significantly better than the reproducibility of the corresponding changes assessed by clinical BP measurements, because the k coefficient value of orthostatic SBP changes assessed by HBM indicated a range from 0.42 to 0.51, that is, moderate agreement for orthostatic Table 3 Multiple linear regression analysis of orthostatic systolic BP change at HBPM and clinic for reduction of urinary albumin/creatinine ratio in the entire group (n¼605) 
Abbreviations: BP, blood pressure; CI, confidence interval; HBPM, home blood pressure monitoring.
Alpha blockade and home BP in orthostatic hypertension S Hoshide et al BP categories, while BP assessed in the clinic showed a k coefficient range of 0.13-0.24, which indicates slight or fair agreement. 17 The measurement of BP in a clinical setting tends to be a stressor itself, and can falsely increase BP and BP reactivity through what is recognized as the white coat effect. 18 Our observations provide additional support for the clinical usefulness of HBPM, 19 as compared with that of conventional clinical BP readings, [9] [10] [11] by demonstrating that HBPM data are likely to show good reproducibility, not only for sitting BP levels but also with respect to orthostatic BP changes.
A second important result of the present study was that the administration of doxazosin significantly ameliorated the increase in SBP while standing observed in treated hypertensive patients with OHT. In contrast, doxazosin did not enhance the relative decrease in SBP measured in standing OHYPO patients. Finally, as regards the HBPM data, the decrease in orthostatic SBP in both the control and doxazosin-treated groups was associated with a decrease in UAR, independently of a concomitant decrease in sitting SBP level.
Orthostatic BP changes may depend on several factors and may reflect underlying alterations in cardiovascular control mechanisms. OHYPO is commonly caused as a result of either age-related changes in BP-regulatory mechanisms or hypertensive drug therapy. 20 Because we enrolled elderly hypertensive patients on medication in this study, OHYPO might be observed. On the other hand, OHT might be part of the BP hyper-reactivity pattern often observed in hypertensive patients, independently contributing to the risk of cardiovascular complications. Our findings regarding doxazosin administration provide new information about the mechanisms underlying orthostatic BP changes, namely, treatment with doxazosin was found to significantly ameliorate the standing SBP increase in the OHT group throughout the follow-up period. In a previous report, we had already observed a suppression of orthostatic SBP increase in elderly hypertensives with OHT following doxazosin administration. 5 However, in that previous study, we evaluated orthostatic SBP once before and once after the administration of doxazosin only. In contrast, in the present study, we included several observations obtained over a 6-month follow-up period, and it was found that the continuous administration of doxazosin successfully reduced not only sitting SBP but also the SBP increase while standing observed in OHT subjects throughout the follow-up period; furthermore, this amelioration of symptoms was seen with both clinic and home BP-monitoring modalities.
It is known that UAR is an important surrogate marker of cardiovascular risk, as the UAR has been reported to be associated with cardiovascular events in both diabetic and non-diabetic hypertensive patients. 21, 22 An additional interesting finding of the present study was that the administration of doxazosin not only successfully diminished orthostatic SBP changes, but it also reduced renal organ damage, as quantified by decreased UAR. Moreover, this reduction in UAR was related to a reduction in orthostatic SBP increases in a manner independent of the decrease in sitting SBP. In addition, the UAR reduction was better predicted using HBPM than clinical BP measurements.
Although many previous studies have reported an association of UAR with either sitting BP levels in the clinic or at home and 24-h or nighttime ambulatory BP levels, 15, 23, 24 our report is the first to demonstrate a relationship between a reduction in UAR and the pharmacological reduction of OHT via a drug antagonist of the sympathetic nervous system. The mechanism by which the suppression of orthostatic BP increase led to a reduction of UAR in our study remains to be investigated in greater detail. However, it is possible that such a reduction could be due to the administration of a drug that antagonizes sympathetic activity in the kidneys. It is known that the sympathetic nervous system is overactive in patients with chronic renal damage. 25 Amman et al. 26 reported that alpha-and beta-blockers, and their combination, had a beneficial effect on renal morphology and albuminuria in a rat model of renal ablation. Moreover, it has been reported that OHT might be associated with overactivity of the sympathetic nervous system. 1, 5, 27 Therefore, doxazosin might break the vicious cycle between the sympathetic nervous hyperactivity, orthostatic BP increase and renal damage by reducing both the orthostatic BP increase and excessive urinary albumin excretion.
The blockade of alpha adrenergic receptors did not appear to aggravate the orthostatic BP decrease found in OHYPO subjects. The reason may be partly explained by the dosing time of doxazosin. The maximum reduction in supine and standing BP usually occurs between 2 and 6 h after administration of doxazosin at bedtime. 28 Therefore, the bedtime administration may avoid excessive orthostatic BP reduction during daytime. In addition, the size of the OHYPO group may have been too small to detect differences in changes in orthostatic BP between the control and intervention groups. The lack of a significant difference between sitting BP values in the OHT group may have been related to the same issue regarding the sample size. There were some limitations in this study. We did not use a doubleblind study design. In addition, analysis of the JMS-1 data reported in this paper was not the primary focus of the study. Therefore, we did not randomize subjects for this study in particular. Finally, our results did not demonstrate that doxazosin is superior to any other antihypertensive drug for achieving reductions in orthostatic BP change and UAR.
Our results may challenge the recent tendency to avoid the use of an alpha-adrenergic-blocking drug as a first-line antihypertensive treatment, a tendency that was originated by publication of the results of the Antihypertensive and Lipid-Lowering treatment to prevent Heart Attack Trial trial, in which the doxazosin limb of the study was prematurely terminated because, while in this limb there was a similar rate of fatal cardiovascular events as in the chlortalidone limb, stroke and heart failure occurred more often. 29 However, in the Anglo-Scandinavian Cardiac Outcomes Trial-BP Lowering Arm, the use of doxazosin as a third-line antihypertensive agent was not associated with an excess of cardiovascular events, and in particular of heart failure. 30 In this study, we used active standing test (from the sitting to the standing position) for the evaluation of orthostatic BP change. Although the head-up tilt test is the gold standard method for the evaluation of post-ural BP changes, it is difficult to use the head-up tilt test routinely in clinical practice because special equipment is needed, and the procedure is time consuming. The change in BP on active standing test is recommended in the Japanese Society of Hypertension Guideline, 9 although previous studies have used the definition of orthostatic BP change based on the change in BP from the supine to the standing position. [6] [7] [8] In summary, the present study revealed that orthostatic BP changes detected by HBPM had better reproducibility than the corresponding BP changes detected by clinic BP measurements, and a closer correlation with UAR was obtained with HBPM. In the group of patients with OHT, treatment with doxazosin suppressed the orthostatic BP increase, which in turn might have reduced the UAR. Our results provide further support for the clinical usefulness of HBPM, in particular with regard to diagnosing patients with OHT, as well as in the context of clinical intervention.
